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ABSTRACT
The purpose of this study was to investigate a method of
color evaluation which can be used by the customer when
reviewing color proofs. The method being proposed here
incorporates the use of color compensating (CC) filters when
evaluating proofs where an overall color correction is
necessary.
The color balance among pictures that are to appear in
close proximity to each other is a major consideration in
publication printing as well as certain aspects of commercial
printing. There is a need for an effective means of
obtaining good reproductions of individual subjects while
maintaining a visual consistency between them. In such cases
a deliberate departure from normal color balance for a
particular image may be desired.
By using CC filtration, the customer is able to evaluate a
proof and specify the changes in color balance by physical
means. However, once a filter is specified as giving the
desired visual effect, it must be quantified as to how much
and what kind of changes on film are necessary to achieve the
correct result.
This study attempted to determine if it was possible to
quantify filter selections by means of dry dot etching.
Manipulations in color balance on film were made to three
levels of dot change in an increasing direction and three
levels of change in a decreasing direction. These six levels
(A, B, C, -A, -B, -C) were made in the cyan printer of one
separation, the magenta of another, and the yellow printer of
a third. This gave a total of eighteen samples being
produced. The dot size changes were accomplished by dry dot
etching overall with the assistance of the Kodak Dry Dot
Etching System.
A panel of judges was used to determine whether or not
there is a correlation between CC filtration and the amount
of dot change made to a separation in order to achieve the
desired visual match between the reference proof and the
sample proof. The judges were given the reference proof and
one sample at a time to view. The panel attempted to make a
visual match in one of two ways: to choose a filter that
would allow the reference proof to match the altered proof,
or to choose a filter to remove the color cast from the
altered proof in order to match the reference proof. The
evaluation procedure was followed for all eighteen samples.
The correlation coefficients were calculated for each of
the three colors changed. The correlation proved to be quite
high thereby substantiating the objectives of the filter
evaluation method. However upon calculating and plotting the
standard deviations of the
judges'
results, the filter
evaluation method proved to be useful when correcting overall
color balance only within a certain amount of dot change.
The objective of this method was to apply the filter
evaluation technique in order to minimize the trial and error
approach involved in making color corrections. When applied,
this method could result in less waste of labor and materials
which in turn results in higher productivity. In the end the
separation/correction procedure becomes more cost effective.
CHAPTER I
INTRODUCTION
One of the primary requirements for a successful color
reproduction is color balance. "Color balance may be defined
as the color fidelity of the image to our mental image of the
thing
photographed."1 Our evaluation of color balance is
heavily weighted by our idea of how a color should look.
This is most evident when we evaluate color in pictures that
contain familiar objects and reference colors: flesh tones,
green grass, food, and objects considered to be a neutral
gray-
The color of all light-reflecting objects varies greatly
depending on their environment and the spectral quality and
intensity of the light source illuminating them.
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However,
we still know how certain memory objects should look, and
anything that varies from this "mental
picture"
is considered
to be "out of balance". "Determination of acceptable color
balance, then, must reflect the subtleties of individual
perception and taste, factors that are keyed to place, time,
and personal history.
"3
The idea of color balance can also be applied to pictures
that are to appear in close proximity to each other. The
overall balance of a particular subject matter also reflects
personal taste based on past history. There is a need for
an effective means of obtaining good reproductions of
individual subjects, while at the same time maintaining a
visual consistency between them. This is a major
consideration in commercial and publication printing where
all pictures appearing on the same page or facing pages need
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to appear to be consistently balanced, as well as, to create
a certain mood throughout the entire article, publication,
catalog, or brochure. In a situation such as this, it may be
desirable to introduce deliberate departures from normal
color balance, either to enhance the mood of the picture or
to satisfy the personal preference of the customer.
Adjusting for color balance can be done visually with color
filters. Color-compensating filters are used in photography
to control the color balance of photographs, "for the purpose
of compensating for variability in any part of the process
including the photographic material, the illumination, and
the processing; or to create a mood or special
effects."4
The CC filter method being proposed in this investigation
will allow the customer to view a proof through color
compensating filters of various strengths and colors and
state, by visual means, exactly what results are desired.
The availability of CC filters will enable the customer to
view proofs, make decisions about the changes necessary to
"create a
mood"
and/or balance the page and allow the
printer to manipulate the separations to adjust for the
desired color balance. If a correlation between the amount
of dot change made to create a shift in color balance and the
filters selected to either create or correct for the color
cast can be established, this method will eliminate much of
the trial and error involved in the color correction process.
This investigation will determine whether or not this
method of evaluation is a viable method. This experiment
will incorporate a panel of judges to evaluate proofs of
which the color balance has been altered in various ways.
Each judge will be required to make a filter selection which
will either match the reference proof to the altered sample
or match the sample to the reference proof.
Statement of the Problem
After transparencies are scanned the customers are given
proofs to view. The customer will then determine what
changes need to be made. For changes involving color balance
of pictures on a page, it may be necessary to change the
overall color cast. In other words, to achieve visual
consistency, the manipulation of color balance for each
picture throughout the entire page or publication may be
required.
Consistency of color balance is equally important at all
tone levels, from highlights to shadows. This requires close
control of the amounts of ink laid down on the paper which,
in turn, is a function of the dot sizes in the separations.
Color balance can be evaluated by deciding what color is in
excess and how much in excess it is. Or, to change the
color balance to achieve a desired effect, the questions to
be answered are what color should be added or subtracted and
by how much? However, when a picture becomes unacceptable
because of a general excess of color, magenta for example,
"it is the violent change of hue undergone by pale colors
which is the most objectionable feature. "5 This is to say,
the effect of color balance manipulation will be most evident
in the highlights of the pictures; therefore, overall color
balance deviation cannot be so great as to result in the loss
of memory colors, loss of detail, or at the expense of the
tone reproduction by changing the highlights to a point at
which they become objectionable.
The most common instructions given for this type of color





printers know what is meant by these terms, they do not know
exactly what amount
of change customers have in mind, and
chances are, customers do not know themselves until they see
it. By allowing the customer to view the proofs through
color-compensating filters of various strengths and colors
and referring to a proof that has been
"okayed"
as having the
correct color balance, the customer is able to visually
pinpoint the changes he has in his mind and relate them to
the printer. The color filter is a convenient means of
communicating the customer's instructions. From there the
printer can make changes accordingly.
The problem then, is once a filter is specified as giving
the desired visual effect, it must be quantified as to how
much and what kind of dot size changes are necessary to
achieve the correct result. The object of viewing through
color filters is to save time, materials, and to aid the
printer to better communicate with the customer. Therefore,
specific quantifying amounts of dot change for each filter
must be determined as a means of making the required changes
in color balance.
Dot size changes can be made by one of three methods: dry
dot etching, wet etching, or rescanning and color systems.
Although, due to cost, rescanning is preferred only when dot
etching is impossible to make the required corrections, there
may be certain circumstances in which rescanning will give
the best results. However, the CC filter method can be used
to evaluate proofs and for determining desired corrections no
matter which method of dot change will be used. The method
of dot change on which this investigation will focus is dry
dot etching.
Hypothesis
The problem has been stated as the necessity of
eliminating the trial and error approach to the manipulation
of color balance to achieve visual consistency in publication
or to create a mood or special effect in a picture. This can
be done by specifying changes using color filters. The color
balance can be adjusted in a way to either deviate from the
normal balance to create a special effect, to the personal
preference of the customer, or by adjusting an off-balance
proof to achieve normal balance. A means of quantifying the
color filter choice in terms of dot size changes is therefore
necessary. In this case, the following hypothesis is
appropriate and is stated in null form: There is no linear
correlation between the strength and color of CC filtration
and the amount of related dot change.
If this hypothesis is false it can be rejected, concluding
that the use of color compensating filters is a viable method
in predicting dot size changes in color balance, involving
less of a trial and error approach to making requested color
corrections .
This investigation functions on two basic assumptions. The
first assumes that the customer is able to consistently
relate desired changes through the use of CC filtration and
detect small color differences. The second assumption is
that the subject matter of the test images is independent of
the results of the experiment.
FOOTNOTES FOR CHAPTER I
1 Norman Sanders, Photographing for Publication (New York:





4 Leslie Stroebel, Photographic Materials and Processes r
(Boston, London: Focal Press, 1986), page 450-451.
5 R. W. G. Hunt, The Reproduction of Color, (New York: John




As stated in Chapter I, this experiment is concerned with
establishing a convenient method of making color balance
changes to achieve consistency among pictures that are to
appear in close proximity to each other. The approach taken
to solve this problem is a means of flat etching by an amount
that will quantify what a customer sees when evaluating a
proof using CC filtration. The review of the literature is
divided into several groups related to the major concerns and
subject matter of this investigation.
First, filters are discussed. Photographers have used CC
filtration for determining color balance for photographic
work and to show by direct observation how colors will be
reproduced. This experiment will apply the photographic
principles of CC filtration to change color balance in
printing. Second, since this experiment will incorporate the
use of judges to visually evaluate the reproductions, it is
vitally important to provide controlled viewing conditions.
Therefore, each judge will be made aware of the effects of
the sensory adaptation of the eye. Next, both tone
reproduction and gray balance will be addressed. By
adjusting dot sizes to achieve shifts in color balance, both
gray balance and tone
reproduction will be affected. This
experiment will help determine how much change is made and if
an acceptable reproduction can be achieved despite these
changes. And last, the method of flat etching by means of




A filter is a device that transmits light of certain color
while absorbing light of other colors. By using proper
filters, we can "filter
out"
or reduce selected colors of
light from reaching the eye.
"Photographic filters function by removing part of the
incident radiation by absorption or reflection, so that the
transmitted radiation is of the desired spectral quality- nl
There are four categories of photographic light filters:
color filters, viewing filters, neutral density filters, and
polarizing filters. Color filters are used to control the
relative tone values in which colors are rendered by the
photographic process (to lighten or darken) or for color
separation records. Viewing filters or color compensating
filters "are designed to show by direct observation, the
relative values in which colors will be reproduced by a
particular type of sensitive material with or without a given
filter."2 Neutral density filters are used to reduce light
intensity for exposure control. Polarizing filters are used
primarily to control light reflected from glossy surfaces.
This experiment is concerned with the way color
compensating filters function; to show by direct observation
how tone values and colors will be reproduced. However,
instead of seeing the effect of a particular type of
photographic sensitive emulsion, we are concerned with using
the filters to allow the customer to make judgments by
"direct
observation"
rather than verbally instructing the
printer on what the customers
"think"
they want changed.
Color printing filters are used in printing color
photographs and are used to control the color of light
reaching the negative. Such filters alter the color balance
of the illumination in printing color
photographs.3 The
filters used for this purpose are called dichroic filters
which means that they pass two of the primary colors of light
in some way just as the printing inks do. These would be
equivalent to the subtractive primary filters or the cyan,
magenta, and yellow filters which will be used for this
experiment .
When determining filter packs for photography, it is best
to think in terms of the subtractive primaries when making
filter selections. None of the color films give acceptable
results under fluorescent illumination. Therefore, if
exposing under cool white fluorescent illumination the
recommended filter pack is 40M + 10Y. The magenta/yellow
combination will "warm
up"
the entire picture, thus changing
the color balance. The CC filters will be used in the same
manner for this experiment to change color balance in a
printed reproduction. If a picture appears too
"cool"
and a
magenta filter has been specified by the customer as giving
the desired result, an adjustment in dot sizes can be made by
either increasing the magenta dot sizes or decreasing both
the yellow and cyan dot sizes.
Sensory Adaptation of the Eye
"Sensory adaptation is an adjustive response of the
organism to its environment; it is the progressive though
temporary change in sensitivity which depends on the duration
and also the degree of
stimulation."4 Whenever there is a
change in stimulus, such as from light to dark or from
viewing one color to another,
there is a change in stimulus.
This change in stimulus is a change in the luminous energy
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entering the eye, causing the eye to start readapting to the
new stimulus.
The adaptation level is an average result of the kinds and
degree of stimulation during the recent past. If the
stimulus remains the same long enough, the adaptation level
reaches equilibrium, which means that adaptation has had time
to be complete for that given stimulus. "The time required
for complete adaptation varies with the starting level as
well as with the new stimulus. "^
There are three categories of adaptation: Scotopic,
Photopic, and Chromatic adaptation. Scotopic adaptation
refers to dark adaptation. Photopic refers to light
adaptation. "Photopic adaptation has significant effects on
brightness and on luminance discrimination. "6 Chromatic
vision is subject to both light and dark adaptation.
"Chromatic adaptation refers especially to those transient
changes in sensitivity which are ascribable to photopic
chromatic stimulation and are reflected in changes in
chromatic sensation and perception.
"^ Chromatic adaptation
depends on luminance, dominant wavelength, and purity as well
as duration.
The aspect of chromatic adaptation that is of most concern
for this experiment is the way adaptation alters the hue and
saturation of a color as the eye adjusts and comes to a state
of equilibrium. "Adaptation to a chromatic color followed by
viewing a related hue tends to decrease the saturation of the
latter and to shift the hue still farther away from the hue
corresponding to the adaptation color.
"8 An achromatic color
sensation can be experienced if the chromatic adaptation is
followed by viewing a color having the same dominant
wavelength but a lower purity.
From the effects of adaptation that have been mentioned
above, it is easily understood the importance of a controlled
evaluation procedure and standard viewing conditions. The
importance of an evaluation procedure must also be addressed.
When making such evaluations time is the key issue. The eye
must not be allowed to concentrate for any length of time on
one stimulus in order to avoid the effect of the stimulus
from reaching equilibrium. Also, a viewing booth with a
standard light source is necessary to control the effects of
the photopic or light adaptation.
Tone Reproduction
Maintaining proper tone reproduction is necessary to
produce consistently good color reproductions. Tone
reproduction can be defined as the relationship of
reproduction density to continuous tone density-
9 Tone
reproduction is another print quality attribute, like color
balance, that determines the degree of satisfaction of the
customer. This experiment must take tone reproduction into
consideration since manipulation of the dot sizes may change
the densities, and in turn cause a change in the tone
reproduction .
It has already been pointed out that the highlights of a
picture will be most affected by shifts in color balance.
When the highlights are affected it could mean that the tone
reproduction is affected. By achieving the desired color
balance of a picture (which simulates the picture viewed
through the CC filter) the tone reproduction may be
sacrificed, causing the picture to be unacceptable. Any
correlation between dot change and CC filtration could be
rejected by the customer if the results show unacceptable
tone reproduction.
"Tone reproduction involves objective measurements of
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relative intensities of light (objective tone reproduction)
and subjective evaluations of the sensations and perceptions
this light produces in the viewer (subjective tone
reproduction)."10 The first step in the control of tone
reproduction is to produce a tone reproduction curve
(objective) . "The curve compares, in a concise graphic
manner, the tone values of the corresponding areas in the
original and its reproduction."11 To interpret a tone
reproduction curve, both the height (density) and the slope
(contrast) must be studied throughout the entire tonal scale.
If the points of intersection create a straight line at a 45
degree angle with a slope (gamma) equal to one, the original
and the reproduction have the same tone reproduction.
This experiment is not concerned with determining a tone
reproduction curve for a specific image, but is instead
concerned with the effect the manipulation of dot sizes
without the use of dry dot etching masks may have on the tone
reproduction. The tone reproduction curve will be used for
analysis as the means for determining changes in tone
reproduction that may take place by the change in color
balance. Any differences in the curves between the original
and the corrected reproduction signifies a change. However,
it is the customer that has the final say as to whether these
changes have become objectionable.
Gray Balance
A third requirement for good color reproduction that must
be considered for this experiment is gray balance. To
achieve gray balance, the three colors cyan, magenta, and
yellow of the separation must be adjusted to maintain a
neutral gray where grays are to be reproduced. Generally,
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gray balance is achieved by printing a heavier cyan dot than
magenta and yellow dots; however, the amount of imbalance
between the inks to reproduce the neutral grays depends on
the ink, paper, and press conditions.
When manipulating dot sizes without the use of dry dot
etching masks, the proper gray balance will also be shifted.
When a picture takes on a cast, the neutrals will take on the
same cast thereby appearing
"cooler"
or "warmer". The color
cast will be first noticed in the highlights of the
reproduction, tinting what may be called as white and the
light gray tones . On the other hand, the shadows may not
reveal the cast at all. A color cast alteration or
correction of a color cast may be requested by the customer,
however, there will be a point when this cast becomes
objectionable. This investigation purposely altered the
color balance of the samples in various directions in order
to test the color filter method of evaluation. It is not the
purpose of this investigation to say whether or not these
alterations are objectionable.
Making Dot Size Changes
Dot size changes can be accomplished by three different
methods: dry dot etching, wet etching, and rescanning. All
methods will increase or decrease the dot size on halftone
negatives or positives in order to increase or decrease
color. However, each has their own applications with good
points and bad points and the CC filter evaluation method
proposed here can be applied to all three methods.
In wet etching, the size of the halftone dots in the
separations are reduced through the use of a chemical etch
solution. This method may be used for both overall and local
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color corrections. It is often used in conjunction with dry
etching to receive the desired results. However, wet etching
is considered a slow, labor-intensive procedure that involves
a great deal of craft experience as well as the handling and
disposing of wet etching chemicals. Wet etching is generally
faster when used to correct areas that are relatively
uncomplicated to stage out.
Rescanning is usually preferred when the entire image needs
major corrections such as changes in tone reproduction, since
it is expensive to use a scanner for local color corrections.
One of the objectives of using a scanner is to minimize the
need for dot etching the separations. If handwork is
excessive, it may be necessary to rescan; however, operator
techniques should be modified in order to eliminate the need
to rescan. Because of the drawbacks that have been stated
about these two methods, flat etching by means of dry dot
etching was used for this experiment. It should be
emphasized though that each method has its special
applications .
The objective of the dry etching process is to make changes
in the size of the halftone dot. For flat color corrections,
the dot size change is made in the entire separation. "Since
dot size controls how much ink is laid down on the printed
piece, changing the dot size changes the amount of ink that
is deposited, and thus alters the color in the area chosen
for
correction."12
By reducing dot sizes in negatives, etching increases
color; by reducing dot sizes in positives, etching reduces
color. By applying these principles to flat etching, the
printer can manipulate the color balance of a reproduction
according to the customer's instructions. By either
increasing or decreasing color in one of the separations, the
color balance can be altered giving a different color cast,
altering the gray balance, and creating a special mood,
making it possible to achieve color balance of a page.
"Common to all dry dot etching is at least one significant
overexposure to a graphic arts contact or duplicating film to
force the halftone dots to change to become larger or
smaller than they were originally."13 The dot etcher must be
aware that not all dots change at the same rate as others: a
50% dot moves more than a smaller or larger percent dot.
Round dots move more than square dots, and finer screen
rulings move more than coarse screen
rulings.14 No single
exposure time treats all dot sizes equally. Film emulsions
contain particles that scatter light which, in turn,
undercuts the image and causes slight dot size variations.
Dot size variations due to undercutting are in relation to
the size of the dot. Small dots (negative shadows, positive
highlights) are affected most by a relatively large amount of
undercutting. Larger dots (negative highlights, positive
shadows) have a small amount of undercutting relative to
their size.
This principle of dot variations is clearly seen in the
Kodak Dry Dot Etching Change Guide (Figure 1) . It must be
understood, however, that each film emulsion has its own
characteristics and will scatter light differently -
Therefore, variations from Kodak's dot change guide may
occur; there may be a slight skewing effect of the curve in
one direction or another or variation in the amount of
percent dot change as compared with the values programmed
into the system. To assure proper control and consistency in
the etching process, one must be aware of the sensitometric
characteristics of the film. This can be accomplished
through careful calibration of the system.
"Photographic contacting is a photomechanical process that
is used to produce same size line, halftone, and continuous
KODAK Dry Dot Etching
Dot Change Guide (Applies to &H screen rulings)






of the Affected Separation
Figure 1 - Kodak Dry Dot Etching Change Guide
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tone negatives, positives, and duplicates by a direct-contact
procedure from films or other transmission material."1^ The
contacting process is also used as the means for dry dot
etching. By making deliberate, controlled over-exposures,
dot sizes can be manipulated to the desired dot area
percentages. The basic method involves exposing through a
halftone film onto a sheet of sensitized material with the
two sheets in direct contact with each other. Accuracy and
standardization are important for proper dot-for-dot exposing
as well as for dry etching exposures to assure that the
resulting dot size changes are made in the range required.
Photographic contact films are designed specifically for
the contact process. They are used to produce contact
positives from negatives or negatives from positives. As
stated above, whether dot changes are being made to increase
or decrease color depends on if the contact exposure is being
made to a positive or a negative. The contact emulsion has
the conventional response to light, i.e., light produces
density.
Contacting was the procedure used to make the desired color
balance shifts for this experiment. The sample proofs were
generated from the reference set of separations according to
the instructions of Kodak's DDE system. This system made
decisions whether to contact from negatives to positives or
positives to negatives and computed exposure times in order
to achieve the desired results. From there the contact
exposures were made accordingly.
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According to the hypothesis stated, the objective of this
experiment is to determine if there is a correlation between
the amount of dot changes made and the color and strength of
the filters chosen to correct for the difference in color
balance between the altered samples and a reference proof.
Therefore, the design of the experiment ultimately tests
viewer response to color balance shifts using color
compensating filters.
Materials
This experiment began by scanning a transparency used by
Eastman Kodak for testing. The subjects of this transparency
contain various memory colors as well as a gray scale for
reference. A proof was made and served as the standard with
which to relate all changes made to the original set of
separations. Also, eighteen sample proofs, all of which are
variations from the original reference proof were used.
These samples were dry dot etched to achieve six different
levels of dot change. Three levels of increase in dot
percentage (A, B, C) and three levels of decrease in dot
percentage (-A, -B, -C) were made for each of three
printers-
-cyan, magenta, and
yellow. The black printer in all cases
was left unaltered.
Color compensating filters of varying strengths (025, 05,
10, 20, 30, and 40) were
used for visual evaluation. In
order to simplify the experiment, only those filters relating
to the colors of the three printers cyan, magenta, and
yellow were used.
Calibration of the DDE
The KODAK Dry Dot Etching system guides the user through
the steps and procedures of dot etching. It will "identify
the best path to follow for the dot change, identify the
separations needed to produce a photographic mask, and
calculate exposure times for both masks and separations . nl
However, to assure proper results, there are two exposure
times that need to be determined in order to calibrate the
system to specific contacting conditions, the "base mask
exposure"
and the dot-for-dot exposure. Since only an
overall etch was used it was not necessary to calibrate for
the mask. Using Kodak Versalite QCF contacting film under a
quartz-iodine light source and Ultratech automatic
processing, the dot-for-dot exposure was found using the
step-off method of exposing. Kodak defines dot-for-dot as
the exposure that gives less than three percent dot change at
the 50 percent dot area while maintaining a D-max of 3.5 or
higher.2 Table 1 and Figure 2 show the results of the dot-
for-dot exposure calibration. As the dot change graph
illustrates, the maximum amount of dot change is in the 50%
to 60% dot area. The graph is quite symmetrical from the
center and shows no more than a three percent dot change at
the 50% dot area. There are a couple points showing
variation outside the dot curve, however, they can be
considered noise and attributed to variation in the
experiment. This correlates quite well with the Kodak dot
change guide as shown in Figure 3.
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Table 1 - Dot For Dot Exposure Information
Step No . C3 Guide QCF @ 7.5 Dot Change
1 1.9 1.3 .60
2 3.8 3.7 .10
3 6.6 6.3 .30
4 9.4 9.4 0
5 14.7 14.0 .70
6 19.5 18.5 1.0
7 25.7 24.2 1.5
8 31.8 29.9 1.9
9 38.2 35.7 2.5
10 46.2 43.5 2.7
11 56.0 52.8 3.2
12 53.8 51.9 1.9
13 60.9 59.1 1.8
14 67.6 65.6 2.0
15 73.7 71.8 1.9
16 79.3 77.7 1.6
17 84.4 83.1 1.3
18 88.5 87.1 1.4
19 92.0 90.6 1.4
20 95.1 94.2 .90




















Figure 3 - Dot for Dot Curve Related to Kodak
Change Guide
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Knowing Sensitometric Characteristics of Film
In order to assure and maintain consistency of the
experiment, it was important to know the characteristics of
the materials being used. In this experiment film
characteristics for Kodak Versalite QCF film in combination
with Kodak Ultratech processing were determined for control
purposes in two ways:
1. After determining dot-for-dot exposure, the film was
overexposed beyond the dot-for-dot exposure in intervals up
to 30 times the optimum exposure which is the "Maximum
Exposure Multiplier
Number"
(Kodak's recommendation for the
greatest amount of overexposure a film can take while
maintaining quality images, and without being too long for
production
convenience)3 for Versalite QCF contact film.
These dot change curves were plotted (Table 2 and Figure 4)
to show graphically what type of behavior can be expected
from the QCF film. As illustrated, QCF contacting film
offers an ample amount of latitude. The maximum recommended
exposure of thirty times the dot-for-dot exposure gives a
change of approximately 22 percent at the 50% dot level.
This would result in significant color balance shifts which
would undoubtedly become objectionable and rescanning would
be required. However, it is helpful to know that this film
has this great amount of etching latitude.
2. The above curve can then be related to the Kodak Dry Dot
Etching Dot Change Guide. Figure 5 illustrates this
relationship. This model shows what changes can be expected
in the entire tonal scale of a separation on which color is
being altered when flat etching.
Kodak Versalite QCF contact film produces a symmetrical
curve that follows the pattern of the Dot Change Guide quite
accurately. This enables the user to predict the outcome of
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an etch to different areas of the tonal scale before having
to make the suggested exposures and taking measurements.
Making Samples
The objective of this investigation is to test whether a
correlation can be established between various color balance
changes made to a standard proof and the amount of CC
filtration necessary to achieve or reverse that result.
Therefore, this experiment involved six levels of dot size
change. The original set of separations was dry dot etched
for three levels in the plus direction and three levels in
the minus direction for each of three printers, cyan,
magenta, and yellow. This gave a total of 18 samples. The
black separation was not altered at any level and only one
printer per set of separations was altered. Each level
represents a certain degree of deviation from the original
color balance.
Dot change instructions from Kodak's DDE System (Appendix
A) give a step by step procedure for making the required
changes. The top portion of the instruction sheet contains
information regarding job identification, screen ruling, and
orientation of the separations being etched. Following that
are the desired dot changes which were entered into the
system. The dot change instructions themselves include
directions on which separation to use, which film to use
(contacting or duplicating) , contacting orientation (emulsion
to emulsion, base to emulsion, or emulsion to base) , and
exposure time (s) .
An overall etch was made to the original set of separations
for each of the three printers cyan, magenta, and yellow at
six different levels. Each etch involved two exposures an
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Table 2 - Overexposure Data for Kodak QCF Contact
Film
% Dot lOx 20x 30x
C3 % Dot Change % Dot Change % Dot Change
3 0 3 0 3 0 3
5 2 3 2 3 0 5
8 4 4 2 6 0 8
13 8 5 5 8 2 11
19 14 5 8 11 5 14
23 15 8 11 12 7 16
26 17 9 11 15 4 22
34 24 10 19 15 11 23
37 27 10 22 15 15 22
47 35 12 31 16 23 24
52 41 11 33 19 20 32
56 43 13 40 16 34 22
62 50 12 47 15 42 20
67 57 10 54 13 51 16
75 66 9 63 12 61 14
81 72 9 71 10 68 13
85 78 7 76 9 74 11
68 83 5 81 7 79 9
92 88 4 87 5 85 7
97 93 4 92 5 91 6





























































Figure 5 - Overexposure Results Related to Kodak
Change Guide
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overexposure and the dot-for-dot exposure. The order that
these exposures are made depends on the direction of dot
change, and the length of the overexposure depends on the
amount of change desired. For example, when increasing dot
size from a positive right reading emulsion down separation,
the dot-for-dot exposure is made first, resulting in a
negative right reading emulsion up. From this negative the
overexposure is made emulsion to emulsion. The end result,
the original film orientation, is a positive right reading
emulsion down separation with the required dot size changes.
In other words, when overexposing a negative in the
contacting process an increase in dot size results.
The procedure for decreasing dot sizes is just the
opposite. When over-exposing a positive separation during
contacting, the result is a decrease in dot size. Therefore,
the first exposure made from the positive separation is the
over-exposure. The over-exposure of the positive to contact
film then results in a negative right reading emulsion up.
At this step the desired changes have already been made,
however, all final film should be positive right reading
emulsion down, the original orientation of the film, making
it necessary to contact again using the dot-for-dot exposure
time.
As stated earlier, it is the highlights that will become
most objectionable when altering the overall color balance of
a picture. The amount of dot change for the six levels of
etching was determined by studying the RIT TRAND Chart.
Blocks four and five illustrate tints in the highlights and
quarter-tone areas. These were used to give an indication as
to the amount of dot change necessary to show a discernable
difference between the samples. Therefore, to assure proper
adjustment of the color balance without giving too much or
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too little change throughout the tonal range, the DDE
computer was instructed to compute exposure times for a plus
two, four and six percent dot change at the ten percent dot
level. The same information was computed for minus two,
four, and six percent at the ten percent dot level. The
Kodak DDE Dot Change Guide (Figure 1, page 15) illustrates
what can be expected in the rest of the tonal scale when
making these changes. For example, when increasing a ten
percent dot by four percent, a nine percent increase at the
40 percent dot and a six percent increase at the 80 percent
dot can be expected. The maximum dot change would be
approximately ten percent at the 50 percent dot level.
Once etched, dot area measurements of each of the new
separations were taken and recorded. The original dot values
were subtracted from the new values to give the dot changes
of the new films. The differences were then plotted as
Percent Dot Area vs. Dot Change. These dot change curves are
shown in Appendix C.
All samples were proofed using Positive Matchprint II
according to the manufacturer's recommendations. Two
readings were taken from the gray scales of each of the
samples; reflection density readings were taken which were
plotted against the original gray scale densities to
determine changes in tone reproduction, and
L*a*b*
readings
were taken to determine the amount of and direction of color
deviation from the reference proof.
Selection and Testing of the Judges
All judges were required to take two color vision tests
before proceeding with the actual sample evaluation
procedure, the first of which was the D & H Discriminating
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Color Test. The D & H Test tests observer metamerism. A
metameric pair has different spectral reflectance curves but
has the same set of color coordinates under one set of
conditions. This is the situation where two colors are made
from different colorants. Therefore, observer metamerism can
be described where as two objects appear to some observers to
have the same color, but to other observers the same objects
do not match.
The D & H Rule consists of two color rules. The colorants
used for one scale are orange and blue and are numbered as
steps one through twenty-one. The other scale has been made
from violet and green pigments and the steps are lettered A
through U.
The judges were instructed to take the D & H Test for two
different reasons. First, each judge was instructed to
repeat the test three times. By doing so the consistency of
color evaluation by each individual could be noted and
recorded. Second, the results of the test for each judge
could then be compared against the results of all other
judges. This enables the evaluator to see whether or not the
judges'
color vision are compatible amongst each other. It
must be noted that this does not test for color blindness or
color deficiency.
The second of the two required tests is the
Farnsworth-
Munsell 100 Hue Test in which the observer is required to
arrange a series of samples in consecutive order according to
hue. "The 100 Hue test makes it possible to sort observers
with normal color vision according to level of chromaticness
discrimination and thus serves as a color aptitude
test."4
Its two primary uses are to separate persons with normal
color vision into classes of superior, average, and low color




There is a total of 93 black plastic caps which contain
color centers made from painted paper. The matte surface of
the papers allows the observer to see the same spectral
characteristics when viewing from any angle. Eighty-five of
these plastic caps are divided into four separate sections.
Within each section, the object is to arrange the caps in
sequential order between two anchor caps which represent the
range of color change for that section. These anchor caps
make up the remaining eight to give a total of 93 caps. For
example, caps one (red) through eighteen (yellow) contain
various values of yellow-reds, and 54 to 71 contain
gradations of color from blue to purple respectively.
The principle of the Farnsworth-Munsell 100 Hue Test is to
take a portion or sample of the color diagram in all
directions (red, yellow, green, blue, and purple) and
"indicate the degree and orientation of discrimination
throughout the color field. Because changes in
discrimination are systematic throughout the chromaticity
plane generalized deductions can be made from the sample data
furnished by the
test."^
Within the caps the hue differences are "just easily
noticeable"
by those with normal color vision. There are
also slight differences from cap to cap in value and chroma.
"It is the slight differences in value and chroma that helps
to detect defective color vision by forcing them to resort to
other criteria other than
hue."7
Each judge was given one case or section of caps at a time
with the caps arranged in random order. The object of the
test then is to arrange the caps in order according to color
using the anchor caps
as starting and ending reference
points. No time limit was given to the judges and all judges
were tested under the same lighting conditions which were
also the same lighting conditions in which the main
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evaluation procedure took place. The same procedure was
repeated for each of the remaining three cases.
The results for each judge were then scored and plotted.
"The score for a cap is the sum of the differences between
the numbers of that cap and the numbers of the caps adjacent
to it. "8 These scores are plotted on a color circle. The
inner circle of numbers corresponds to the number of the
caps. The first dotted line toward the center of the circle
is a score of zero, the lowest and best possible score. The
score for each cap is marked on the circle carrying its
number. Results of the individual judges for the Farnsworth-
Munsell 100 Hue Test are illustrated in Appendix E.
The color circle is divided into a systematic
representation of a uniform chromaticity scale diagram. Each
transposition of the caps is an error in color judgement.
Plotting these transpositions on the color circle offers a
quick analysis of the area and degree of color deficiency.
The color circle diagram will indicate the type of
deficiency, the color zones of the best and poorest
perception and the degree of color discrimination in those
zones as compared to those with normal color vision.
9 "The
pattern of color defectiveness is identified by bi-polarity,
a clustering of maximum errors in two regions which are
nearly opposite.
"^
After the pattern has been plotted the judges can be
categorized into levels of superior, average, and low
discrimination. About 16% of the population with normal
color vision has been found to make zero to four
transpositions on the first test or total error scores of
zero to sixteen. This places them in the category of
superior discrimination. Those with average discrimination,
about 68% of the population make a total error score of
between 20 and 100. About 16% of the population exclusive of
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color defectives have been found to make total error scores
of more than 100, categorizing them as having low color
discrimination . ^1
Evaluation Procedure
Once color vision testing was completed by the judges, they
could begin evaluation of the samples. An easel was set up
for them to rest the sample proofs against while viewing, and
all filters were labeled and lined up in order in front of
the easel for easy access. All judges were seated in the
same location in a room with 5000K lighting.
The color compensating filters available to the judges were
CC 025, 05, 10, 20, 30, and 40 for each of three colors
cyan, magenta, and yellow. Since judges were allowed to
combine different strengths of the same color filter, a range
of 025 to 70 was available for viewing. This range proved to
be more than ample .
Judges were given written instructions as to the procedure
they were to follow (see Appendix B) . They were to view the
reference proof and one sample at a time which was handed to
them in random order. From there they were to determine
which filter to use to give one of two results: to match the
reference proof to the sample proof, or to match the sample
proof to the reference proof. Once a filter selection was
made, they were instructed to state whether the filter was
added to the sample side or the reference side. The same
procedure was repeated for the remaining seventeen samples
and all results were recorded.
Results of the filter choices were plotted and evaluated in
two ways. First, each individual graph could be used to see
whether or not the filter choices made corresponded to the
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actual dot changes made to the samples. If the choice did
not coincide with the dot change and the judge had passed the
color discrimination tests, the result would be noted however
it is considered noise and is discarded. Second, all
individual graphs were combined to show whether a correlation
could be seen between all judges for the amount and type of
dot changes made .
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Sample Evaluation Using Dot Change Curves
Information indicating the desired amount of dot change was
programmed into the Kodak DDE system in order to compute the
exposure times necessary to achieve dot changes for both an
increase and a decrease of two, four, and six percent changes
at the ten percent dot level. The samples were etched
accordingly for the six different levels for each printer
cyan, magenta, and yellow, making a total of eighteen
samples. Dot change curves were plotted and the results can
be seen in Appendix C, Figures 21 through 23.
All three printers in which an increase in dot size was
made at three different levels show only about half as much
as the amount of change specified, signifying an
inconsistency in either the DDE System's instructions or the
etching process itself. In each case the cyan, magenta, and
yellow printers the two percent increase (level A) only
yields between one half percent and one percent change. Both
Levels B (four percent) and C (six percent) yield
approximately half the specified dot change. Level B falls
consistently at a two percent increase and Level C yields an
increase on the average of a three percent dot change .
However, the Dry Dot Etching System was quite accurate when
making dot reductions, however. As
seen in the dot change
curves (Appendix C) Levels -A, -B, and -C give consistent
two, four, and six percent dot changes, the specified change
respectively at the ten percent dot level.
For any future use
of Kodak's Dry Dot Etching System this
factor involving inconsistent dot increases would have to be
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adjusted for in a manner which would yield the correct
specified results. However, for this experiment it is not
important that each level fall exactly at the dot change
specified as long as the amount of change for each is known.
Filter selections can then be correlated according to the
actual amount of change rather than what was desired. For
this reason each level will be referred to as Level A, B, C,
-A, -B, and -C.
Sample Evaluation Using L*a*b* Values
After final proofs were made for each set of etched
separations, CIE
L*a*b*
measurements were taken from a
quarter tone (step 5) , middletone (step 11) , and
three-
quarter tone (step 18) area of each of the gray scales using
the Minolta Chromameter. These values were recorded and





represents variations from a
neutral gray in the green direction and
"+a*"
represents









values (lightness) were also
recorded they were not plotted, however, the higher the
"L*"
value the lighter the object. The recorded
"L*"
values
reflect the differences in the areas measured the quarter,
middle, and three-quarter tones and are fairly consistent
within a few
"L*"
values with each gray scale step. The
results of these readings are listed and illustrated in
Tables 3 through 5 and Figures 6 through 8. Tables 3 through
5 use notation such as A;c and -C/m for example. This
notation indicates Level A, cyan and Level -C, magenta,
respectively-
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The readings taken from the three areas of the reference
gray scale did not show the reference to be a neutral gray
(0,0). Instead the quarter-tones read as (-1.9,-2.2) which
would be slightly blue-green in color. At the midtones the
reading was (-1.3,-4.2) which is somewhat bluer than the
quarter tone area. At the three-quarter tone level
(0.9,-
2.4) were read. These readings indicate a purer blue than
the other readings. All three areas, although not a neutral
gray, fall in an area closely surrounding the neutral gray
point and the values read here indicate the gray scale to
have a slight blue cast.
The gray scales of the etched samples can then be compared
to the reference gray scale to see visually as well as
graphically and numerically the amount of change that has
been made in the overall color balance of the picture. For
instance, the reading for Level -B; magenta, a decrease in
magenta, from Table 4 (the middletone values) should give a
slightly greenish color cast to the gray scale. According to
the L*a*b* readings (-5.7,-1.7) a definite green cast is
indicated, however it also reads slightly blue. Another
example is the reading for Level C;cyan, an increase in cyan,
also from Table 4 should show a cyan (blue-green) cast. The
readings taken, (-5.9,-7.6) show a definite blue-green
plotting. Level C; yellow in Table 4 should have a yellow
cast, however, readings indicate a pure green appearance,
(-
3.3,0). Although this at first seems to be an error in data
collection, upon closer study this reading makes perfect
sense. Remember that the samples are deviations from the
reference proof. Therefore, since the reference was not a
neutral gray to begin with,
an addition of yellow to the blue


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 7 - CIE

























direction, however, not necessarily enough
to move it above the
"a"
axis into the yellow region.
The fact that the starting point (the reference) was not a
neutral gray is not of importance. No matter what cast or
how much deviation there is from a neutral gray, it is still,
as in the case stated above, an addition of yellow to get
from the reference point to that particular sample point.
And the filter choice made should reflect the dot change
represented. Keep in mind that one of the objectives of the
color filter method of evaluation being proposed here is to
take "off
color"
proofs and correct them to result in either
a neutral gray or some other shift in color balance to create
a mood or special effect.
Delta E values at the quarter tone, middletone and
three-
quarter tone gray patches were also computed for each sample
which can be defined as the color difference of the sample
proof as compared to that of the reference proof. It is no
surprise that the greatest dot area change took place in the
middletone areas which resulted in the greatest AE values at
the midtone level. The AL*, Aa*, and Ab* values also show
the greatest amount of difference at the midtone level. All
the AE values, as well as, AL*, Aa*, and
Ab*
values are
recorded in Tables 3 through 5.
Tone Reproduction of Samples
As stated earlier, maintaining proper tone reproduction is
necessary in order to produce
good color reproductions. Tone
reproduction is the density, or the lightness and darkness of
colors and neutral tones and how they are reproduced in
relation to the original continuous tone densities.
Density readings were taken
from the gray scales of each of
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the samples, as well as the reference, and were recorded and
plotted. These graphs and tables can be found in Appendix D,
Figures 24 through 41. The tone reproduction curves have
been plotted individually for each color change at the six
different levels. Each individual curve has the reference
tone reproduction curve plotted along with it to serve as a
guide for the amount of change that has taken place.
By looking at the the individual graphs there is not any
major tone reproduction change, but it is the individual who
will determine how much change becomes objectionable.
However, the most obvious point that can be seen is that
there is a greater difference in the -A, -B, and -C levels in
all three printers than there is in the positive levels.
This concurred with the observation made earlier in the dot
change curves in which the desired amount of dot change was
achieved in the minus levels but not in the positive levels.
Therefore, it can be assumed that if the positive levels of
dot change had moved as much as they were intended to move,
all the tone reproduction curves would have been similar
except that in the minus levels the tone reproduction curve
shows a decrease in density of the reproduction and the
positive levels show an increase in density. Therefore, the
tone reproduction curve of the positive level change appears
above that of the reference curve.
Each curve that indicates a change in tone reproduction has
generally the same curve shape,
the toe and the shoulder of
the curve are the same for both the reference and the sample.
The difference gradually increases from the toe to the
middletones and then decreases from the middletones to the
shoulder. In other words, the highlight and shadow remain
virtually unchanged
in most cases, while the greatest amount
of change is noticeable throughout the middletones.
There are three exceptions to this, Level A of both yellow
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and magenta (Figures 24 and 30 respectively) and Level C cyan
(Figure 38) . These three curves start at the same toe point
however, the difference increases throughout the rest of the
tonal range, extending through the shoulder area of the
curve. Therefore, the greatest amount of change in the tone
reproduction of these curves is in the shadow areas. Since
this inconsistency shows up in only three of the eighteen
samples, this could be attributed to possible error or
inconsistencies in etching or in the densitometrical
readings. However, it can still be noted that the amount of
change in the tone reproduction of the samples in relation to
the reference can be considered negligible for this
investigation .
Judges Results of Color Testing
A total of eighteen judges used for the evaluation
procedure were graduate students in the School of Printing
and Management Sciences at Rochester Institute of Technology.
Each judge was administered both the Munsell 100-Hue Test to
test for color vision deficiency and the D & H
Discriminating Color Test to test for observer metamerism.
The Munsell scores for the eighteen judges are recorded in
Table 6 and the plotted patterns of these scores can be found
in Appendix E. As it was stated earlier, those with superior
competence for color discrimination will score a total error
score between zero and 16. Table 6 shows that the majority
of judges tested, 78%, fall into this category.
The range of those with an average or normal competence for
color discrimination will make a total error score of between
20 and 100. Three out of the total number of judges scored
within this normal range and all three scored at the low end
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of the range indicating above average color discrimination
yet not superior.
Only one judge, number 11, out of the eighteen scored in
the category of low competence for color discrimination with
a score of 167. The position of the midpoints of the errors
in the pattern, the middle of the bulges, identifies the type
of color deficiency- The pattern of this judge's score
(Appendix E) shows the midpoint of the largest bulge to be at
57. This indicates a definite green color blindness called
deuteranomalous. To a lesser degree this judge indicates a
red blind deficiency called protanomalous with a midpoint of
68. Because of the degree of these deficiencies this judge's
results from the actual evaluation procedure were excluded in
the final analysis.
Judge number ten was also eliminated from the final
analysis. Although this judge scored 36 in the testing which
is considered the better end of the range for normal color
vision, blue-tinted glasses were worn during the color vision
testing and the final evaluation procedure. The midpoint of
error is 48 indicating a blue blindness. Therefore, since
the colored glasses most obviously changed the way color was
viewed, this data was discarded for this investigation.
The D & H Color Test scores were also recorded and can be
found in Table 6. This test was used to determine two
things to see if the individual judges viewed color
consistently and to see if each judge viewed color in the
same way as the other judges.
In a quick overview of the scores all judges
seemed to view color basically the same except for Judge 11.
This judge was also the same one who was found to be red and
green color deficient. Although results of the three scores
indicated that Judge 11 could view color consistently, the
scores were not consistent with the other judges who had
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Table 6 - D & H Test and Munsell Test Scores
Judge No . D&H 1 D&H 2 D&H 3
Munsell
Score
1 H6 H6 J6 4
2 G6 H8 H8 4
3 H6 H6 G8 16
4 H6 G6 H6 8
5 G6 H6 H6 24
6 G6 G6 G8 0
7 F6 F7 F7 8
8 G7 G7 G7 0
9 H8 H8 H8 0
10 H7 H6 H7 36
11 L13 L13 L14 167
12 G8 G8 G8 20
13 H10 H9 H8 12
14 G7 F8 G8 4
15 G9 H9 G9 4
16 H8 G8 H8 0
17 G8 F8 F7 0
18 H10 H8 18 4
tested superior and normal on the Munsell color vision test.
After eliminating the scores of Judge 11 it can be seen
that the other judges all viewed color consistently amongst
each other as well as viewing color consistently on an
individual basis. In the majority of cases, the judges chose
the same letter/number combination at least twice out of the
three times they were tested. The slight irregularities may




Following completion of the color vision testing, judges
could then begin the filter evaluation. Each judge was given
the Evaluation Instruction Sheet (Appendix B) to review and
upon complete understanding of the procedures evaluation
began .
An easel was set up in front of the judge on which was
placed the reference proof and one sample at a time. In
front of the easel the labeled filters were placed in rows by
color and in order of strength for easy access and
identification. The
judges*
were not informed of the type of
changes made to the sample proofs since in an actual
application of this method the customer would pick a filter
that best fits the change to be made. The amount and
direction of etching would not yet be known by the
printer/separator and will probably never be known to the
customer. Samples were picked at random and the judge went
through the evaluation procedure for all eighteen samples.
The judge was to pick the best filter (s) of one color that
best matched the reference proof to the sample proof or the
sample to the reference.
Results of the evaluation were then recorded by noting
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three things: the color of the filter chosen, the strength of
the filter chosen, and over which proof, the reference or the
sample, the filter was held. These results are illustrated
in the graphs in Appendix F.
Although there are no right or wrong answers to the
evaluation there are answers that do not coincide with the
actual change that was made to that particular separation.
For instance, for a sample which has an actual increase in
yellow, a magenta filter held over either the sample or the
reference would not make sense. Of course the best answer
would be to apply a yellow filter over the reference proof
thereby matching the reference to that particular sample.
However, other answers, although not entirely correct, may be
understandable when investigated further. For example when
viewing Figure 64 in Appendix F, not only yellow filters have
been chosen even though this graph represents changes in the
yellow printer only for the six different levels of dot
change. For Level -B judge 4 has chosen a cyan filter. A
decrease in yellow will give a blue appearance to the gray
scale. Since yellow and blue are complimentary colors the
judge seems to have confused the blue with cyan and therefore
added
"blue"
to the sample proof to negate the effect of the
increase in yellow by using a cyan filter. The reverse of
this is also true, changes in cyan could be negated with a
yellow filter. Figure 63 in Appendix F is only one example
of this fact. Judge 3 chose a yellow filter added to the
sample proof to balance the effect that the increase in cyan
of Level A had on the gray scale and throughout the main
photo.
This type of filter choice was made in other combinations
along the same principle.
A primary example is the
magenta/red confusion. A decrease in cyan would give a red
appearance to the gray scale since cyan and red are
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complimentary colors. Therefore, in a number of cases a
magenta filter was added to the reference proof to balance
out the red appearance of the sample. Along these same lines
a magenta filter could be added to the sample proof to negate
the effect of an increase in cyan. The reverse of this was
also applied by a number of judges changes in magenta were
balanced or negated by using a cyan filter.
The graphs for each of the judges' results were plotted as
Percent Dot Gain/Loss of Samples vs. Filter Strength Chosen
(Appendix F) . A filter strength is considered and plotted as
a positive if it was held over the reference proof and
negative if the filter was held over the sample proof. Each
graph has four quadrants, quadrant I is the (+,+) area, (-,+)
is quadrant II, (-,-) is quadrant III, and quadrant IV is
represented by (+,-) . Therefore, if an axis were drawn
through the average of the responses, a perfect graph would
have the axis begin in quadrant III and incline through the
x-axis into quadrant I as well as making the correct color
filter choice. Figures 57 and 66 in Appendix F are perfect
examples. However, if responses were made as those that were
described above, confusing the complimentary color of one
color with the actual change made, the average axis would be
just the opposite. The axis would begin in quadrant II and
slope downward through the x-axis into quadrant IV. Any




Now that individual graphs have been plotted and reviewed
it is time to study the correlation of the filter choices
between all eighteen judges. To repeat the hypothesis as it
was stated in null form: There is no linear correlation
between the strength and color of CC filtration and the
amount of related dot change. This analysis will help to




filter evaluation have been listed
in Table 7 and graphs have been plotted using the same
axis'
as the individual filter graphs. Table 7 includes only those
responses that corresponded to the actual dot change made to
the samples. Therefore, there are no responses listed for
Judges 10 and 11 since their results, as previously
discussed, have been disregarded. Figures 9 through 17 have
been plotted with the results of six judges at once for all
six levels of dot change according to the color change that
was made. These graphs were plotted in order to visually
illustrate the correlation, if any, among all the judges.
Only six judges were plotted on each graph in order to keep
the graph from becoming too cluttered and to make for easier
evaluation.
The most consistent color filter choices were made for
those samples involving changes in the cyan printer. The
second most consistent choices were made for those samples
involving changes in the magenta printer. It is interesting
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to note that changes in the strongest color, cyan, were most
easily recognized and adjusted for. The changes in the
magenta and yellow printers follow respectively. Two levels
of change that seemed to create the most amount of error in
filter selections were Level A; yellow and Level -A;
magenta. Judges consistently complained that very little
change was discernable and many times chose a filter that
they felt could be the correct choices even though they
weren't sure whether or not any changes had been made.
The correlation coefficients were calculated for each of
the three printers to which dot changes were made. The
correlation coefficient is a measure of linear association.
Correlations are always given in numerical form between the
values of one and negative one. One and negative one show
perfect correlation, represented graphically by a straight
line. A positive correlation means that as one variable
increases, so does the other. A negative correlation means
that as one variable increases, the other decreases.
The coefficients calculated for this investigation show a
strong correlation between the amount of dot change made and
to the filter strength chosen to compensate for that change.
The coefficient for the yellow equals .78 9, the magenta
equals .834, and the cyan equals .868. The strongest color
printer, cyan shows the greatest amount of correlation while
the weakest color, yellow shows the least amount of
correlation.
The mean and standard deviation were also figured for each
level of dot change and each color change for all of the
eighteen judges. These values are listed in Table 7. The
standard deviation states how far away the chosen filters are
from their average. The average plus and minus two standard
deviations were also figured and listed in Table 7. Roughly
95% of the judges should be within two SDs of the average.
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Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 Judge i
A; Yellow 0.9 .025 .025 .025
B; Yellow 2.6 .05 .05 .05
C; Yellow 5.3 .025 .20 .025 .10 .05
-A;Yellow -2.8 -.025 -.025 -.025
-B;YeHow -6.0 -.05 -.025 .05 -.10
-C;Yellow -9.4 -.05 -.05 -.10
A; Magenta 1.8 .025 .10 .025 .05
B; Magenta 3.0 .05 .05 .05 .05
C; Magenta 6.3 .03 .30 .20 .15 .05 .10
-A;Magenta -2.9 -.025
-B;Magenta -6.3 -.05 -.05 -.075
-C;Magenta -9.5 -.03 -.05 -.10 -.05 -.05
A; Cyan 1.5 .025 .025
B; Cyan 4.5 .05 .20 .10 .15 .10 .10
C; Cyan 8.8 .15 .30 .10 .20 .10 .20
-A;Cyan -3.6 -.05 -.025
-.20 -.05
-B;Cyan -7.3 -.075





Judge 7 Judge 8 Judge 9 Judge 10 Judge 11 Judge 12 Judge 13 Judge 14
.025
.025 .025 .025
.10 .025 .075 .05 .05 .10
-.05 -.025 -.025 -.025
-.025 -.025 -.05 -.05
-.025 -.05 -.05
.025 .05 .05 .05
.05 .05 .025
.075 .025 .075 .075 .05 .05
-.025
-.05 -.025 -.05 -.05














Judge 15 Judge 16 Judge 17 Judge 18 Mean SD SD +2
.025 0 .025
.10 .046 .025 .096
.10 .075 .048 .171
-.025 -.025 -.025 -.027 .007 -.013
-.05 -.025 -.05 -.048 .020 -.005
-.10 -.025 -.05 -.056 .026 -.004
.05 .047 .020 .087
.050 .013 .076
.15 .05 .113 .079 .271
-.025 -.025 0 -.025
-.075 -.05 -.05 -.059 .019 -.021






.40 .207 .129 .465
-.125 -.025 -.15 -.075 -.092 .053 .014
-.10 -.10 -.20 -.10 -.118
.061 .004
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Figure 17 - Filter Evaluation Graph, Judges 13-18,
Cyan
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Figures 18 through 20 illustrate the relationship between the
average and plus and minus two standard deviations.
All filter choices which did not correspond to the actual
type of dot change made, as well as those that indicated a
confusion of blue and cyan and magenta and red as was
discussed in Chapter IV, were excluded from these final
calculations and analysis. The results of judges 10 and 11
were also excluded because of low color discrimination and
tinted glasses respectively, as discussed in Chapter IV.
One common observation can be made from the Standard
Deviation Graphs. The greatest deviation in all three cases,
the cyan, magenta, and yellow printer changes, is in Levels C
and -C. The least amount of deviation can be seen in the A
and -A levels. The graphs seem to fan outward from Levels
+/-A to Levels +/-C. Keep in mind that these graphs indicate
correct color choices. In other words these results are in
agreement on the filter color necessary to alter the shift in
color balance, however the greater the change in color
balance the greater the difference in opinion is between the
judges regarding the strength of the filter necessary to
achieve this shift.
For the results of this investigation to correspond to the
premises laid out in the hypothesis, a strong correlation
would have to be found between the amount of dot change made
and the filter strength chosen by the judges. These graphs
as well as the calculated coefficients, do indicate a
definite correlation especially for small amounts of change
in color. The most obvious correlation can be seen in levels
-A; magenta (figure 19), A; cyan (figure 20), and both A and
-A yellow (figure 18) . Results of the other A levels and all
B levels are still very close and can be considered to have
good correlation. However, the fact still remains that the
lesser the amount of change the greater the correlation.
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After reviewing the results of these graphs, and the
correlation coefficients the filter evaluation method
proposed in this investigation still holds weight in the fact
that customers can view a proof and make changes according to
what they are actually seeing through a color filter. The
dot etcher should then have a set degree of change necessary
to achieve the effect of the color and strength of the filter
chosen. These changes would then be made, eliminating
guesswork on the part of the customer regarding the changes
that are thought to be necessary- This method will also
eliminate guesswork for the separator who will now know what
changes the customer is asking for. Elimination of the
guesswork involving the separator also greatly aids in the
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Figure 19






































This investigation proved successful in the respect that
good correlation can be made between a color filter chosen to
alter the color balance of a proof and the amount of dry dot
etching to be done to achieve that result. However, the
correlation in instances where a large amount of dot change
is necessary, approximately 11% or more at the 50% dot level,
becomes questionable.
It is safe to say however, that even though the correlation
may only average .830, showing fair to good correlation at
certain levels of change, some of the guesswork traditionally
involved in making such color corrections is still
eliminated. Since the customer is being forced to make a
correction decision using a physical means of interpretation
rather than an imaginative one, the separator has a direction
and a magnitude of dot size change from which to begin
corrections. For example, a separator is in a much better
position to begin corrections when told to correct by an
amount equal to a 10 magenta filter. Previously the
instructions offered may have been "warm this up a
little"
or
"plus magenta overall". Even though the second phrase may
seem to be more specific, the question still remains as to
"how much?".
In order to implement the proposed method in a productive
color separation house there would have to be many
calibration tests made and careful control be kept over the
procedure. This initial testing would be quite time
consuming and would tie up
contact frames that may be needed
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during production hours. However, if the separator stops to
consider the amount of time and material that would be saved
for years to come, this initial testing would be well worth
the time and effort. Especially if testing can take place
during slow periods and/or off hours.
One factor to be considered here is how receptive those in
the printing/separating business would be to the filter
evaluation method. It is the author's opinion upon talking
to those with experience in etching, scanning, production and
quality control that this method would not be well received.
The people that the author has engaged in conversation with
on this subject have experience in the above mentioned
specialties ranging from five to thirty years. Proposing
such a method to them is taken as an insult since most are
very proud of the ability the years have given them enabling
them to second guess the customer and make changes
accordingly- This may be understandable when considering
those craft-oriented journeymen who have dealt with color
every day of work for the past ten years or more. However,
consideration must be given to those who are most responsible
for interpretating the requests of the customer, the sales
staff and the customer service/production staff. Many times
the individuals in such positions are hired with little or no
knowledge of the printing industry not to mention color
theory and the various methods of color correction. The
printing industry seems to be full of those individuals who
are hired through nepotism or who started as a delivery
driver and worked their way up to such positions. Many
mistakes and misinterpretations could be avoided if the
customer service or sales representative
was able to state
the customer's request (s) in specific terms. The dot etchers
could then make specific amounts
of changes to achieve the
correct results according to
standards established for that
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particular shop.
The subjectivity involved in making color corrections will
never be totally eliminated. When setting up standards for
color correction using filters, subjectivity plays an
important part when determining whether or not a certain
amount of change is visually equal to that of the filter. No
two people view color alike. Therefore, when determining
these standards the values should not be absolute values,




RECOMMENDATIONS FOR FURTHER STUDY
There are three recommendations for further study regarding
the color compensating filter method of evaluation, i.e., the
filter evaluation method can be implemented when making color
control decisions in the pressroom, finding a correlation
between colorimetry and either the amount of dot change in
etching or the amount of ink key changes on press.
The filter evaluation method provides an application in the
pressroom. With the evolution of the new computerized ink
control systems on presses today, the filter evaluation
method can be applied at the time of color
"okays"
on press.
Following the laborious scanning and proofing procedures, the
actual press run finally becomes a reality. The customer or
pressman is then required to run the press to match the
"okayed proof". The filter method can be used to compare the
press sheet to the proof or sample provided to decide which
direction the pressman needs to make ink adjustments to
achieve "good
color"
. For the filter evaluation method to be
useful in this environment a correlation must be found
between the filters chosen and the amount of ink adjustment
necessary to make the match.
The use of colorimetry offers a more exact analysis of
visual color matches between two subjects, in this case the
reference proof and the sample (the press sheet) . A study
involving the development of a correlation between the amount
of dot change in etching or the amount of ink key changes on
press and the
L*a*b*
readings from the chromameter could be
very useful. This
could be applied when color matches are
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Job ID: samples Mask: 0
Comments: Level A Changes
Screen Ruling: 150 lines/ inch Separations are POSITIVE
Area to Change Change New Value
CYAN 10 % 2 % 12 %
MAGENTA 10 % 2 X 12 %
YELLOW 10 % 2 X 12 %
BLACK 10 % 0 % 10 X
Mask density is 0.00
Setup Calibration Number: 2
Descr lpt l on : br i ght i ight
Exposures with:
CYAN no ma si; mask
1. Use the POSITIVE separation end CONTACT E-E on
QCF Film 7.5
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 18.4
MAGENTA no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 7.5
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 18.4
YELLOW no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 7-5
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Job ID: samples Ma sic: 0
Comments: Level B Changes
Screen Ruling: 150 lines/inch Separations are POSITIVE
Area to Change Change New Vs 1ue
CYAN 10 X 4 X 14 X
MAGENTA 10 X 4 X 14 X
YELLOW 10 X 4 X 14 X
BLACK 10 X 0 X 10 X
Mas): density is 0.00
Setup Ca 1 lbrat l on Number : 2
De sc r lpt l on : br lght 1 i ght.
Exposure s w i th :
CYAN no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 7.5




1. Use the POSITIVE separation and CONTACT E-E on
QCF Film
7-5






1. Use the POSITIVE separation and CONTACT
E-E on
QCF Film
2. Use the resulting NEGATIVE
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Job ID: samples Mas!:: 0
Comments: Level C Changes
Screen Ruling: 150 lines/ inch Separations are POSITIVE
Area to Change Change New Value
CYAN 10 X 6 X 16 X
MAGENTA 10 X 6 X 16 X
YELLOW 10 X 6 X 16 X
BLACK 10 X 0 X 10 X
Mask density is 0.00
Setup Calibration Number: 2
Description: bright light
Exposures with:
CYAN no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 7.5
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 109.O
MAGENTA no mask m3sk
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 7-5




1. Use the POSITIVE separation and
CONTACT E-E on
QCF Film
2. Use the resulting NEGATIVE
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Job ID: samples Mas}.: 0
Comments: Level D Changes
Screen Ruling: 150 lines/ inch Separations are POSITIVE
Area to Change Change New Value
CYAN 10 X -2 X 8 X
MAGENTA 10 % -2 X 8 X
YELLOW 10 X -2 X 8 X
BLACK 10 X OX 10 X
Mask density is 0.00
Setup Calibration Number: 2
Description: bright light
Exposures with:
CYAN no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film IS. 4
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 7.5
MAGENTA no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 18.4
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 7.5
YELLOW no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 18.4
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Job ID: samples Mask: 0
Comments: Level E Changes
Screen Ruling: 150 lines/ inch Separations are POSITIVE
Area to Change Change New Value
CYAN 10 X -4 X 6 X
MAGENTA 10 X -4 X 6 X
YELLOW 10 X -4 X 6 X
BLACK 10 X OX 10 X
Mask density is 0.00
Setup Calibration Number: 2
Description: bright light
Exposures with:
CYAN no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 44.8
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 7.5
MAGENTA no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 44.8
2. Use the resulting NEGATIVE and CONTACT E~E on
QCF Film 7.5
YELLOW no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 4A-S













Job ID: samples Mask: 0
Comments: Level F Changes
Screen Ruling: 150 lines/ inch Separations are POSITIVE
Area to Change Change New Value
CYAN 10 X -6 X 4 X
MAGENTA 10 X -6 X 4 X
YELLOW 10 X -6 X 4 X
BLACK 10 X OX 10 X
Mask density is 0.00
Setup Ca 1 ibrat i on Number : 2
Desc r ipt i on : br ight 1 ight
Exposures with:
CYAN no mask mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 109.
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 7.5
MAGENTA no mask mas):
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 109.$
2. Use the resulting NEGATIVE and CONTACT E-E on
QCF Film 7-5
YELLOW no mas^ mask
1. Use the POSITIVE separation and CONTACT E-E on
QCF Film 109.^












OBJECTIVE: To determine a correlation between the filter
selection and the amount of dot changes made to alter the
color balance of each proof.
MATERIALS : The following materials will be provided for
making the evaluations:
1. 18 altered proofs
2. one reference proof
3. cyan, magenta, and yellow color compensating filters
each in
strengths of .025, 0.5, 1.0, 2.0, 3.0, and 4.0. By using
these
filters in combinations of two, the maximum range is .025
to 7.0.
a. Filters of the same color can be used additively,
i.e.
10M + 5M = 15M.
b. The color balance shifts in each sample have been made
to one
printer only.




1. All judges should have completed the Munsell color
discrimination test before making the following evaluations.
2. All viewing will be done
under ANSI recommended standards
of 5000 K.
3. Each judge will be given the reference proof and one
random sample proof at a time.
4. Select the appropriate filter or
filter combination which
best represents the shift in color
balance. This is done by
using the filter
over the lighter of the two proofs and
choosing the
filter that simulates the best match.
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5. Hold the filter away from the eye and not in direct
contact with the proof to eliminate any unwanted glare.
Appendix B (continued)
6. Bring the filter in and out of your eye's viewing space or
shift your eyesight back and forth to avoid adaptation of the
eye's stimulus.
7. It may be easier and more controllable to close one eye
while making these evaluations.
8. Select one filter or filter combination which you think
best simulates the shift in color balance between the two
proofs being viewed. State which filter (s) was used and










Level A Level B Level C Level -X Level -B Level -C
0 0 0 0 0 0 0
2.8 0.1 0.8 1.7 -0.6 -2.1 -2.8
5.2 0.5 1.9 3.0 -0.9 -2.7 -4.2
10.0 1.0 1.8 4.1 -1.7 -3.4 -6.3
15.2 0.7 2.1 4.0 -2.4 -4.6 -8.0
18.6 1.0 2.4 5.1 -2.5 -5.3 -8.0
23.1 0.9 2.6 5.3 -2.8 -6.0 -9.4
27.6 1.2 2.8 6.2 -3.3 -6.5 -10.2
32.4 1.3 3.0 6.5 -3.4 -6.9 -11.0
37.4 1.5 3.5 7.3 -3.8 -7.6 -11.7
42.4 1.7 3.6 7.4 -4.3 -7.8 -12.1
47.7 1.8 4.2 8.8 -4.4 -8.2 -12.6
53.0 1.7 4.2 8.8 -4.8 -9.0 -13.6
58.2 2.3 4.3 9.0 -4.0 -7.8 -13.0
62.5 1.8 4.4 7.8 -3.8 -8.1 -12.3
65.4 2.0 4.4 7.8 -3.8 -6.1 -11.5
67.8 1.6 4.2 7.5 -3.4 -6.8 -10.8
70.7 1.8 4.0 7.2 -3.6 -6.4 -10.2
73.5 1.6 3.8 7.2 -3.4 -6.4 -10.5
75.9 1.6 3.8 6.5 -3.3 -6.2 -9.4
77.6 1.5 3.5 6.4 -3.1 -5.7 -8.8
79.6 1.5 3.4 6.1 -2.9 -5.3 -8.8
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Appendix C (continued)




Level A Level B Level C Level -A Level -B Level -C
0 0 0 0 0 0 0
2.5 0.9 0.5 1.5 -1.1 -2.1 -2.3
5.3 1.0 1.1 2.7 -1.5 -2.9 -4.1
10.3 1.7 2.0 4.2 -1.7 -4.0 -5.9
16.3 1.6 2.1 5.0 -2.3 -5.1 -8.0
20.6 1.6 2.3 6.5 -2.9 -5.7 -8.5
26.0 1.8 3.0 6.3 -2.9 -6.3 -9.5
30.9 2.0 3.1 6.8 -3.3 -6.8 -10.3
36.0 2.0 3.1 7.8 -3.4 -7.0 -12.0
42.5 2.1 3.8 8.5 -3.7 -7.7 -11.5
48.2 2.5 4.2 9.4 -3.6 -7.7 -13.1
53.3 2.7 4.7 9.9 -3.6 -8.0 -13.6
59.3 2.7 4.3 9.0 -3.6 -7.9 -13.3
64.6 2.4 4.2 8.7 -3.0 -6.7 -12.4
68.8 2.4 4.1 8.8 -2.8 -6.2 -11.6
71.4 2.2 3.9 8.1 -2.7 -5.9 -11.2
74.3 2.0 3.7 7.7 -2.7 -5.9 -10.6
77.0 2.0 3.6 7.6 -2.5 -5.4 -10.2
79.2 2.2 3.6 7.4 -2.1 -4.9 -9.6
81.3 1.6 3.5 7.4 -2.0 -4.7 -9.4
83.3 1.8 3.4 6.7 -2.1 -4.6 -9.0























































Level A Level B Level C Level -A Level -B Level -C
0 0 0 0 0 0 0
2.5 0.9 0.5 1.5 -1.1 -2.1 -2.3
5.3 1.0 1.1 2.7 -1.5 -2.9 -4.1
10.3 1.7 2.0 4.2 -1.7 -4.0 -5.9
16.3 1.6 2.1 5.0 -2.3 -5.1 -8.0
20.6 1.6 2.3 6.5 -2.9 -5.7 -8.5
26.0 1.8 3.0 6.3 -2.9 -6.3 -9.5
30.9 2.0 3.1 6.8 -3.3 -6.8 -10.3
36.0 2.0 3.1 7.8 -3.4 -7.0 -12.0
42.5 2.1 3.8 8.5 -3.7 -7.7 -11.5
48.2 2.5 4.2 9.4 -3.6 -7.7 -13.1
53.3 2.7 4.7 9.9 -3.6 -8.0 -13.6
59.3 2.7 4.3 9.0 -3.6 -7.9 -13.3
64.6 2.4 4.2 8.7 -3.0 -6.7 -12.4
68.8 2.4 4.1 8.8 -2.8 -6.2 -11.6
71.4 2.2 3.9 8.1 -2.7 -5.9 -11.2
74.3 2.0 3.7 7.7 -2.7 -5.9 -10.6
77.0 2.0 3.6 7.6 -2.5 -5.4 -10.2
79.2 2.2 3.6 7.4 -2.1 -4.9 -9.6
81.3 1.6 3.5 7.4 -2.0 -4.7 -9.4
83.3 1.8 3.4 6.7 -2.1 -4.6 -9.0





























Table 11 - Tone Reproduction Values; Yellow
97
Original Reference A B C -A -B -C
.01 0 0 0 0 0 0 0
.12 .08 .06 .06 .06 .05 .05 0
.23 .16 .14 .14 .16 .14 .15 .04
.33 .24 .23 .24 .25 .23 .24 .23
.44 .34 .31 .33 .33 .31 .31 .31
.54 .40 .36 .38 .39 .37 .37 .37
.65 .47 .43 .46 .46 .44 .44 .45
.75 .56 .50 .53 .53 .52 .51 .51
.86 .63 .56 .60 .61 .59 .58 .59
.96 .72 .66 .69 .69 .67 .65 .67
1.07 .80 .72 .76 .76 .74 .73 .75
1.17 .87 .80 .85 .84 .82 .80 .83
1.28 .97 .90 .94 .93 .92 .89 .92
1.38 1.07 .99 1.04 1.03 1.01 .99 1.01
1.49 1.15 1.07 1.12 1.11 1.09 1.07 1.10
1.59 1.20 1.14 1.18 1.17 1.16 1.13 1.15
1.69 1.26 1.20 1.24 1.23 1.22 1.19 1.21
1.78 1.32 1.25 1.30 1.28 1.28 1.25 1.27
1.88 1.37 1.31 1.36 1.35 1.34 1.30 1.33
1.98 1.42 1.35 1.40 1.39 1.38 1.36 1.38
2.09 1.46 1.40 1.45 1.45 1.43 1.41 1.43




























































Figure 29 - Tone Reproduction; Level -C, Yellow
10
Appendix D (continued)
Table 12 - Tone Reproduction Values; Magenta
02
Original Reference A B C -A -B -C
.01 0 0 0 0 0 0 0
.12 .08 .06 .07 .07 .05 .04 .04
.23 .16 .14 .16 .16 .13 .11 .11
.33 .24 .24 .24 .24 .22 .21 .20
.44 .34 .31 .33 .33 .30 .28 .27
.54 .40 .37 .39 .40 .36 .34 .34
.65 .47 .44 .47 .47 .43 .41 .40
.75 .56 .51 .54 .55 .51 .48 .47
.86 .63 .58 .61 .62 .58 .55 .54
.96 .72 .66 .70 .71 .66 .63 .62
1.07 .80 .75 .78 .80 .74 .70 .68
1.17 .87 .82 .86 .88 .81 .78 .76
1.28 .97 .91 .96 .97 .90 .87 .85
1.38 1.07 1.01 1.06 1.07 1.00 .98 .98
1.49 1.15 1.09 1.14 1.16 1.08 1.06 1.05
1.59 1.20 1.16 1.19 1.21 1.15 1.13 1.11
1.69 1.26 1.20 1.24 1.26 1.21 1.18 1.17
1.78 1.32 1.27 1.30 1.32 1.26 1.24 1.22
1.88 1.37 1.33 1.37 1.38 1.31 1.30 1.28
1.98 1.42 1.37 1.41 1.42 1.37 1.36 1.33
2.09 1.46 1.42 1.47 1.47 1.43 1.41 1.38






































































Figure 35 - Tone Reproduction; Level -C,Magenta
106
Appendix D (continued)
Table 13 - Tone Reproduction Values; Cyan
07
Original Reference A B C -A -B -C
.01 0 0 0 0 0 0 0
.12 .08 .06 .07 .08 .03 .03 0
.23 .16 .14 .16 .18 .12 .11 .07
.33 .24 .24 .25 .27 .20 .20 .16
.44 .34 .32 .33 .36 .28 .27 .24
.54 .40 .38 .40 .43 .34 .32 .29
.65 .47 .46 .48 .52 .41 .39 .35
.75 .56 .54 .56 .59 .47 .45 .43
.86 .63 .61 .64 .68 .55 .52 .49
.96 .72 .70 .73 .78 .63 .60 .57
1.07 .80 .77 .81 .85 .72 .69 .66
1.17 .87 .86 .88 .93 .79 .78 .74
1.28 .97 .96 .98 1.04 .89 .86 .82
1.38 1.07 1.05 1.08 1.14 .99 .96 .93
1.49 1.15 1.13 1.17 1.23 1.07 1.05 1.02
1.59 1.20 1.20 1.22 1.28 1.15 1.11 1.08
1.69 1.26 1.26 1.28 1.33 1.20 1.17 1.15
1.78 1.32 1.31 1.34 1.39 1.27 1.23 1.21
1.88 1.37 1.37 1.40 1.45 1.33 1.30 1.27
1.98 1.42 1.42 1.45 1.49 1.39 1.43 1.32
2.09 1.46 1.48 1.50 1.55 1.44 1.44 1.38
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Figure 43 - Munsell Chart for Judge 1
Appendix E (continued)
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Figure 46 - Munsell Chart for Judge 4
Appendix E (continued)
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Figure 48 - Munsell Chart for Judge 7
Appendix E (continued)
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Figure 51 - Munsell Chart for Judge 12
Appendix E (continued)
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Figure 54 - Munsell Chart for Judge 15
Appendix E (continued)
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'igure 81
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Figure 87
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Figure 97
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Figure 107
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Figure 109
- Filter Evaluation; Judge 18, Cyan
